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INTRODUCTION 
The substitution reactions in transition metal complexes 
are of great importance because they lead to the replacement 
of one ligand by another depending upon the strength and 
concentration of the ligand. A number of compounds have been 
synthesized by substitution, for instance, the preparation 
of nitro and nitritopentammine Cobalt(III) chloride from the 
precursor chloropentammine Cobalt(III) chloride has been 
done in which the strong donor group NO2 replaces the weak 
chloride ligand. The nucleophilic substitution reactions in 
these systems therefore, provide a good tool for the 
arrangement of the ligands in the spectrochemical series. 
When the replacement reactions do not yield a solid compound 
but exist as coloured solution, the investigations on such 
displacement are done by spectroscopic methods such as 
spectrophotometry, whereas when colourless solutions are 
obtained, the conductometric method is followed. 
Much interest has been witnessed in the nucleophilic 
substitution reaction of transition metal complexes 
containing aminopolycarboxylate. The [Cr(EDTA)(H_0)]~ and 
[Cr(hedtra)(H-O)] were found to undergo unexpectedly rapid 
substitution reactions with acetate (eq.l) where Y = 
aminopoly carboxylate and n = the number of negative charges 
on Y. 
[CrY{H20)]^""^^ + OAc"-^ [CrY(OAc)]^'^"^^ +H2O (1) 
The unusual lability has been interpreted by postulating 
that the transient coordination of one uncoordinated site of 
N-carboxymethyl or N-hydroxyethyl group existing in the 
complex ion/ assist the ligand substitution at the sixth 
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coordination position of the Cr(III) center . Matsubara and 
3 Yoshino have reported similar unusual substitution 
reactions in [Ru(EDTA)(H2O)]~. They pointed out that 
labilization of metal-water bonds in EDTA complexes may be a 
rather general phenomenon. It was found that [Fe(hedtra)(H-0) ] 
and [Fe(nta)(H-O)-] react very rapidly with thiocyanate ions 
to give [Fe(NCS)(hedtra)]~ and [Fe(NCS)(nta)(H2O)]~ respec-
tively. 
By changing the nature of the entering ligand X , 
several investigations have been made on Cr(III) complexes. 
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Ogino has reported the substitution reactions of 
N-substituted (Ethylenediamine-N,N',N'-triacetate) aquochro-
mium(III) with several anions (eq.2-6). 
[Cr(EDTA){H20)]~ + NCS" ^ ?=i [Cr (NCS) (EDTA) ] ^ ~ + H^O (2) 
[Cr(hedtra)(H20)] + NCS" ^5=^ [Cr(NCS) (hedtra) ]~ + H2O (3) 
[Cr(medtra)(H20)] + ONO" ^ ;=^ [Cr (ONO) (medtra ) ] ~ + H2O (4) 
[Cr(medtra) (OH) ]~ + N2O2 ^^ =i [ Cr(ONO) (medtra) ]~ + HNO . . . ( 5 ) 
[Cr(hedtra) (H2O)] + N~ ^^=i [Cr(N2) (hedtra) ]~ + H2O (6) 
where OAc = acetate, nta = nitrilotriacetate, EDTA = 
ethylene diamine N,N,N',N' -tetraacetate, hedtra 
3-
N(hydroxyethyl)ethylenediamine, N,N',N'-triacetate, medtra 
=N-methyl ethylenediamine N,N',N*-triacetate. 
It is known that the kinetics of the nitrosation 
3+ 
reactions of [MCNH^) ^  (H-O) ] show the rate law given by 
eq.7 where M = Co(III), Rh(III), Ir(III) and Cr(III)^. 
[M(NH2)5(H20)]^'^ + ONO" V [M(ONO) (NH^ ) 5 1^ "^  + ^2° ^ "^  ^  
r n — 9 ^  — 
The formation constants of [CrYX] have been found to 
increase in the following order with the nature of the X : 
Br~,Cl~<ONO~<NCS'^ OAc <Nr. The order does not seem to be 
related directly to the basicity of the X . 
Thompson has shown the mechanistic features of 
3+ 2+ 
substitution reaction in [Co{NH2)g] ,[COCNH^)5CI] and 
[Co(NH2)c(H20)r'*" in which Ti(III)-EDTA complex is the 
entering ligand leading, moreover, to the reduction of the 
central metal ion. He demonstrated that early first-row 
transition metal ions like Ti(III), and V(II), exhibit a 
reluctance to use halides as bridging ligands for inner-
3+ 
sphere electron transfer. Thus, reduction of both [Co(NH-)J 2+ 
and [!Co(NH^)-Cl] by Ti(III)-aquo ion has been considered 
6 7 
to be in the outer sphere ' . In order to confijnn the 
suggested mechanism, they have calculated the rate constants 
for the reduction of [Co(NH3)20H]^'^ and [Co(NH2) 5 (H-O) ] ^''" 
system, and from the ratio of rate constants, they observed 
that the values obtained are indicative of an inner sphere 
g 
pathway. An appropriate mechanism where acid dissociation.' 
followed by formation of a bridged complex leading to the 
electron transfer (eq.8-10) has been suggested, 
[Co(NH3)5(H20)]^"^ ,^=i [Co(NH3 ) ^ OH] ^"^  + H"*" (8) 
Ti(EDTAl^2° + COCNH^ ) 50H^ "^ j^=A (EDTAI^iOHCoCNH^ ) 5^ "*' +H20.(9) 
(EDTAp|TiOHCo(NH2)'^;L> Products (10) 
Here, the EDTA appears to have a strong labilizing effect. 
This could well, result from the presence of the uncoordi-
nated carboxylate arm of the EDTA which may form a transient 
7-coordinate Ti(III) species, with resultant labilization of 
the H_0. An analogous mechanism has been suggested to 
explain the rapid replacement of water molecule from 
[Cr(EDTA)(H2O)]~ by acetate, azide, chromate(IV), 
1 9 
molybdate(IV) and tungstate(IV) ' . A similar libilization 
2 -
has also been observed for [Ru(EDTA)(H-O)] . The addition of 
potassium thiocyanate to an acetate buffer containing the 
pentadentateEDTA complex of Ru(III) gives an almost instan-
taneous colour change. Change in colour is also" noticed if 
KI is added to the same starting solutions implying the 
ligand substitution reactions (L=I or SCN ) (eq.llandl2) . 
[Ru{EDTA) (H2O)]" + L ;^ =i [Ru(EDTA)L]^ +E^0 (11) 
[Ru(EDTA)L]^ + L ^ [Ru(EDTA)L2]"^ (12) 
Ogino, has again shown the kinetics of the ligand 
substitution reaction (eq. 13) (X~ = OAc , N^ and NCS ). 
[(NH3)5Co {(EDTA)Cr(H20)1) j^"^ + x"-;^ =-. [ (NH3 ) ^ Co { (EDTA)CrXT, ]"^  
+ H2O. (13) 
In a general substitution reaction (eq. 14), 
[NnML] + E ^ [NnME] + L (14) 
For a square planar complex n = 3, whereas n == 5 for an 
octahedral complex, N = nonbonded ligand, L = leaving group, 
E = entering group. For square planar complexes, the 
reaction has an associative mechanism (SN2) while octahedral 
complexes conceivably can react via either an associative, 
dissociative (SNl) or intermediate mechanism involving 
12 7-coordinate and 5-coordinate intermediates, respectively 
(eq. 15 and 16). 
N^CoL + E V, N CoLE > N5C0E + L (15) 
N^CoL -L^ NjCo +E^ N^CoE (16) 
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Cattalini has attempted to study the ligand substi-
tution in square planar tetrabromoaurate(III) anion and 
tetrachloroaurate(III) anion by heterocyclic nitrogen donors 
(eq. 17 and 18) (am = pyridine, 3-methyl, 4-methyl, 
3,5-dimethyl, 3,4-dimethyl, 2-methyl, 2,3-dimethyl, 
2,4-dimethyl pyridines). 
[AuCl^]~ + am ^—^ Au(am)Cl2 + Cl~ (17) 
[AuBr. ]~ + am ^ Au(am)Br2 + Br" (18) 
In these reactions, the Cl or Br displaces the coordinated 
nitrogen or in reverse way depending upon the concentration 
of the pyridine. The mechanism proposed for such reaction 
includes the replacement of X by the solvent(S) followed by 
fast displacement of S by the nitrogen donor (eq. 19 and 
20). Moreover, in these reactions, there is possibility that 
X replaces am again (eq. 21). 
[AuX^] + S ^ AUX3S + X (19) 
AuX^S + am > AuX-(am) + S (20) 
AuX2(am) + X > [AuX 4T + am (21) 
A recent investigation has been.done on the basis of 
spectrophotometric studies in the nucleophilic substitution 
14 
reaction m the system sulfitopentammine Cobalt(III) . The 
reaction studied is the substitution of NH^ by N0„ (eq.22). 
The reaction mechanism is at the dissociative limit in which 
a 5-coordinate intermediate exists long enough to 
discriminate between two incoming ligands (eq.23 and 24). 
[Co(NH3)5S03]"^ + NO" ^ COCNH^ ) ^ N02S03 + NH3 (22) 
[Co(NH3)5S03]'^ -;^ =- [Co(NH3)^S03]"^ + NH3 (23) 
[Co(NH3)^S03] + NO2 ^ Co(NH3)^N02S03 (24) 
Another square planar system has been studied by Tobe. 
He did a substantial investigation on the kinetics of the 
displacement, by chloride ion, of heterocyclic nitrogen 
bases (am) from trans-[ PtL(am)Cl2 ] (L = *^2^4' *~*^  ^ "^ PMe3). 
The nature of L has been observed to effect the rates and 
equilibrium constant of this reaction . Steric effects 
are minimized in these systems and the rates of the forward 
reaction were found to be sensitive to the basicity of am, 
although not in a systematic fashion. Indeed, the second-
order rate constants for the entry of the heterocyclic bases 
decreased as the basicity increased. The displacement of the 
coordinated bases by chloride ion was very sensitive to 
their basicity. Addition of an acidified solution of LiCl in 
methanol to a solution of trans-[PtL(am)Cl„] leads to a 
smooth single stage spectral change, the rate of which 
depends upon the nature of L and am, to a product whose 
spectrum is identical to that of an equimolar mixture of 
[PtCl^]" and Ham"*" (eq. 25). 15 
H+ - + 
trans-[Pt(am)Cl2] + Cl~ >[PtLCl3] +Ham (25) 
The kinetics of substitution reaction in Group{IV) 
metal complexes are scarce because they are very sensitive 
20 to hydrolysis. While the spectrophotometric method may be 
available for the study of the substitution reaction of some 
21 Group(IV) metal complexes the kinetics of substitution of 
compounds yielding colourless solution may be conveniently 
22 followed by conductometric method. Sandhu and Bhatia have 
studied the kinetics of substitution reaction in octahedral 
tin(IV) complexes containing pyridine which is replaced by 
chloride ion (eq. 26 and 27). An SNl mechanism has been 
proposed for this type of reaction. 
Py2SnCl^ + Cl~ > [PySnCl^]" + Py (26) 
[PySnCl^]" + CI > [SnClg]^" + Py (27) 
23 However, they also reported that the complex 
Py_SnCl..S0C1„ is conducting in nitrobenzene and that the 
molar conductance, which increases with time, attains a 
-1 2 -1 final value of 25.5 ohm cm mol for 0.32 m mol solutions. 
This indicates that the complex behaves as a uni-univalent 
electrolyte and in solution, its constitution has been 
suggested to be [PySOCl] [PySnCl^]". 
It is well known that the pathway for ligand substi-
8 
tution in square planar complexes with d metal centers is 
a second-order reaction between the complex and the enter-
ing ligand with an associative (SNl) mechanism, in which 
both bond-making and bond-breaking are involved in the 
formation of a 5-coordinate intermediate (eq. 28). 
ML3X + Y .5=^  (ML^XY) > ML^Y + X (28) 
32 Very recently, the kinetics and mechanism of ligand 
substitution in square planar bis(N-alkylsalicylaldiminato) 
Ni(II) complexes NiCR-sal)- = NiA„ by salen (H2B) and it's 
derivatives (salen = tetradentate ligand = N,N'-disalicy-
lidene ethylenediamine) in acetone led to a second order 
rate law for the substitution (eq. 29-31). The ligand 
substitution in NiA- by tetradentate ligands H„B takes 
place in three steps. First is fast equilibrium with the 
attacking ligand to form an adduct. Second step is the loss 
of the first bidentate ligand and formation of an interme-
diate, and finally, elimination of the second bidentate 
ligand a formation of the product. 
NiA2 + H2B - — ^ NiA2.H2B—>NiAHB + HA (29, 30) 
NiAHB > NiB + HA ( 31) 
PRESENT WORK 
10 
PRESENT WORK 
The study of mechanisms of substitution has occupied 
many worker for a long time and continues to be a vivacious 
realm of investigations. Despite extensive study, inorganic 
chemistry has yet to achieve the understanding of reaction 
mechanism. This fact results from the task of attempts to 
handle more than one hundred elements with a single scheme-
Unfortunately, the attempts to predict the same mechanism 
for one to another element in the same group are not always 
successful. The understanding of the mechanisms is helpful 
in the synthesis of coordination compounds, either by 
addition or substitution reaction. The well known synthesis 
of hexammine Co(III) cation is a typical example. 
This project undertakes the investigation of the 
kinetics and mechanism of substitution in octahedral tin(IV) 
metal complexes. Four compounds of the type SnCl.(Acridine)_ 
and R2SnCl2(Acridine)_ have been prepared (R=Me, Bu and Ph). 
The nucleophilic substitution reactions, in these systems by 
chloride ion liberated from S0C1„, C^H^COCl and CH_C0C1 has 
been carried out. Since colourless ionic species are formed 
conductometric method has been followed. A dissociative 
mechanism (SNl) has been proposed for these reactions 
alluded from the rate constants, K, and K„ as well as the 
thermodynamic parameters (activation energy, entropy and 
11 
enthalpy). On the basis of As values, the nucleophiles have 
been arranged in descending order. As the increase in 
temperature makes negligible change in the rate constant, the 
displacement reaction has been studied at ambient temperature. 
Acetonitrile has been used as a solvent to carry out these 
experiments for, it does not ionize in solution, but having 
solvating power to behave as a Lewis base. 
EXPERIMENTAL 
12 
EXPERIMENTAL 
SnCl,(BDH), Ph2SnCl2/Me2SnCl2,Bu2SnCl2(Fluka) and 
acridine (BDH) were used as received. Ethanol and acetoni-
trile were distilled and dried before use. Microanalyses 
were obtained on a Carlo Erba Analyser Model 1106. The IR 
Spectra (200-4000 cm ) were recorded on a Perkin Elmer-621 
spectrophotometer as nujol mull. Conductivity measurements 
were made on a systronics conductivity bridge type 302 at 
room temperature. Chlorine and tin were estimated by the 
usual gravimetric methods. 
Synthesis of acridine complexes; 
The ligand (0.02 mol,3.58 g) dissolved in 20 ml ethanol 
was mixed with anhydrous SnCl. or R^SnCl- (R = Me,Bu and Ph) 
(0.01 mol) in 20 ml ethanol. The reaction mixtures were 
stirred for four hours and then kept in an ice bath. The 
precipitates thus obtained were filtered and dried in vacuo. 
Methods 
Millimolar solutions of the complexes were prepared in 
acetonitrile and their conductance was measured as a 
function of time at ambient temperature. From the slope of 
the linear portion of a plot of molar conductance versus 
time, the rate constant (k) for solvation was found to be 
-4 -1 7.6 X 10 s •^ . 
13 
The solutions of the nucleophiles (S0Cl2» CgH^COCl and 
CHoCOCl) and the complexes were mixed separately in three 
different ratios. The conductance was measured immediately 
and after regular intervals over a period of one hour. The 
limiting conductance {/\cc) was measured after 24 hours. 
RESULTS AND DISCUSSION 
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RESULT AND DISCUSSION 
The reaction of acridine with SnCl. and R2SnCl2 (R=Me, 
Bu and Ph) in 2:1 ratio results in the formation of adducts 
of the type [SnCl. (acridine)2] and [R2SnCl2(acridine)2] 
respectively. The analytical data correspond to the 
composition of the complexes (Table 1). The conductivity 
measurements of the complexes in acetonitrile (30-50 ohm 
2 -1 24 
cm mol ) reveal their covalent nature 
The IR spectrum of acridine shows two strong bands at 
1515- cm" and 1555 cm" attributable to C=N and C=C 
stretching frequencies. It is found that the coordination of 
the tin atom causes an increase in the electron density at 
the nitrogen atom with a concomitant augment of 60-80 cm 
in the Vc=N and Vc=C . A weak band around 300 cm is 
observed in all cases which is due to V(M-N) . The far -IR 
region-show M-d bands in: 350-390 cm . The presence of only one 
M-Cl stretch in this region supports a trans octahedral 
27 
structure. However, if there are three M-Cl bands in the 
same region, the complexes are suggested to have a cis-
27 
octahedral configuration . The proposed structures of the 
complexes are portrayed in scheme 1. the relevant IR bands 
are listed in Table 2. 
The molar conductance (Am) versus time curve for 
substitution was similar to that obtained for solvation 
(Fig.l). However, the change in molar conductance in the 
15 
former was greater than in the latter case. The possible 
mechanism for the solvation is outlined below: 
SnCl4L2 + S Jl_^ [SnCl3SL2]'^ + Cl" (1) 
SnCl4L2 + S -JL-* [SnCl^LS] + L (2) 
R2SnCl2L2 + S — J L ^ [R2SnClSL21"^ + Cl" (3) 
R2SnCl2L2 + S — ^ [R2SnCl2SL] + L (4) 
R = Me, Bu, Ph; L = acridine; S = Solvent (acetonitrile). 
During solvation, either the chloride ion or the ligand 
13 22 
may be replaced ' by the solvent (eqs. 1-4). The smaller 
increase in molar conductance in the absence of the 
nucleophiles may be ascribed only to the solvation of the 
complexes. The mechanism of solvation involving release of 
+ + 
chloride ion and generating [SnCl2SL2] and [R2SnClSL2] 
species would have caused substantial increase in the 
conductance and therefore, ruled out. Hence, it is suggested 
that solvation is accompanied by the release of the ligand 
as shown in eq. 2 and 4. However, when the nucleophile is 
added the conductance increases due to the substitution of 
acridine by chloride ion, liberated from the nucleophile. 
16 
A plot of log[Ao</A<-A>^ against time (Fig. 2) was linear 
suggesting first order kinetics in the presence of 
nucleophiles- The values k, and K^ for stepwise replacement 
of acridine by chloride ion were calculated from the slope 
of the first and second linear portions of the plots 
respectively, using the method of two mutually intersecting 
lines . Their values are listed in Table 3. The rate 
constants were calculated by the equation: 
k = -2JL103 iog[A^/A^-Aw,] 
The substitution may follow either SNl or SN2 
29 
mechanism . In the present case, it has been shown to 
follow SNl reaction for which the following mechanism has 
been proposed : 
SnCl .L2 L_) SnCl L + L (5) 
SnCl^L + CI - £ M ^ [SnCl^L] (6) 
k„ [SnCl^L] — - i - j [SnCl^] + L (7) 
[SnCl^] + C l " - £ ^ s ^ [ S n C l g ] ^ ~ (8) 
R2SnCl2L2 l—>. R2SnCl L + L (9) 
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R2SnCl2L + Cl"-li£i» [R2SnCl3L]" (10) 
[R2SnCl3L] £> [R2SnCl3] + L (11) 
[R2SnCl3]" + C l " - ^ i ^ [R2SnCl4]2" (12) 
R = Me, Bu, Ph. 
The rate of increase in molar conductance during 
nucleophilic substitution is as expected since the chloride 
ion is obviously a stronger nucleophile than either acridine 
or the solvent. The high nucleophilicity of the chloride ion 
is able to vie with the greater concentration of the solvent 
in the substitution reaction. There is bond breaking leading 
to the formation of five coordinate intermediate species 
(steps 5,7,9 and 11) followed by bond formation (steps 
6,8,10 and 12). There are several such stable five 
coordinate compounds of R^SnCl, R_Sn{Ac)„ known with 
quinoline derivatives . The mechanism proposed is also 
clear from Fig. 2 which consists of two intersecting lines 
indicating two different rate determining steps. Thus, the 
dissociation of acridine by chloride ion (eq. 5,7,9 and 11) 
is a slow process, and hence rate determining step. Breaking 
one of the two metal ligand bonds (eq. 5 and 9) followed by 
the attack of chloride ion results in the formation of 
[SnCl^L]" and [R2SnCl3L]~. In the presence of high 
18 
concentration of chloride ion (high concentration of 
nucleophile), the second M-L bond breaks (7 and 11) and M-Cl 
2- 2-
bond formed yielding [SnClg] and [R^SnCl.] as the final 
products (8 and 12). Consequently, the molar conductance as 
a function of time increase^; and attains the maximum value 
after one hour.TheAot was obtained after 24 hours. The 
reactions 6 and 10 are faster than reactions 8 and 12 due to 
the negative charge on the former. All complexes show 
similar results indicating no effect of steric hindrance due 
to alkyl groups on the rate of substitution reaction. 
Substituting the values of k, and k„ in Arrhenius 
equation, the energy of activation, entropy and enthalpy 
have been calculated (Table 4). These observations support 
the SNl mechanism and show that bond breaking is a slow and 
hence rate determining step. The thermodynamic parameters 
were calculated by the following equations (a,b,c) 
AG = -RTlnk = -2.303 RTlogk (a) 
d l o g k •AH , , , , 1 J J / l ^ / I N / . \ 
^— = ( d l o g k = -T— and d( -=r - ) = - ( — 5 - ) . . ( b ) 
AG = AH - T AS (c ) 
19 
CONCLUSION 
From all these observations, we conclude that the rate 
of substitution is faster than the rate of solvation. In the 
absence of the nucleophile, the interaction with the solvent 
is greater. The substitution follows SNl pathway. On the 
basis of the As values the nucleophiles for substitution 
reaction may be arranged in the following descending order: 
SOClo>C^HcCOCl>CH,COCl. 
20 
R = Me, Bu and Ph 
(SCHEME 1 ) 
21 
Time ( min) 
FIG. 2. First order plot for various nucleophilic reagents 
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Table 3. Rate constant for substitution of acridine by Chloride 
ion in the complexes SnCl,(acridine)- and R-SnCl-
(acridine)2 (R = Me, Bu, Ph). 
2 2 
Nucleophilic Ratio %^ X 10 Kj X 10 
reagent (^ -l^  (^ -1) 
SOCI2 1*-1 3.1 7.4 
1:2 3.1 7.4 
1:large 3.1 7.4 
C,Ht-COCl 1:1 2.6 7.2 
1:2 2.6 7.2 
I:large 2.6 7.2 
CH^COCl 1:1 1.8 5.9 
1:2 1.8 5.9 
1:large 1-8 5.9 
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